B1m
200492 A

% % % % ﬁ Ne.1

ACTA POLYMERICA SINICA

Feb ., 2004

BRETREREETHSBMT B’

BrE EAR® BAHK

I8y

BEE XX

(CEFBTREHHRHFSTERRN "SRRI REE¥FE LE  20037)

W B RNORBEREAREAMERE(DSC) AASEAETH(FIMR T .28 AN BRZEN
L2ZRZEAMENEREERT /AR ER R YRR REARTNBERAT JAITY S REAN
AERETHREGETHT SN ERARY B EMERAZNENXNERA T SOBRER X AFRME
ERET 122 _H R NRIERE R (Fdian) V I BERX MM AREAEME/ XFESHE
MATHEREBEZBEHMBEHSRANEBAEAX L2 KL EAUETEHBNPUFTHBERERR. M2
M ERZENAFREK IRSEMNMATREERFRESRM OB BA X HH B RS R LE M Flon-
Huggins W W WM& A R UENG EAFREEAN AR BERAARBREM TR, MEANYS
ZHERSBAENNEX N¥ARRVERERMNE RO I EHRERE D MM BRZERRA
M TASEREARERER, M E HTEN-PU R BB BB X, I ¥R TRX.

x|\ THESE, R, Vi, as

FENE—FESHERER HEMTERK
KT A R, R E R R AR RS
pils s gt I=N s R E RO il R SA P
BRI R E S TR WA BB
PR EXFIF(BEEN SES)AEEAMHH
BHNERRY BIT YR, 5B T ATIMT
EX A RN T BAT R A LUE A
—F T RENEH, IR BERERMMEH .

XTFEFEEAE(POMBPHBHMY
BT HEME, RABRMKELNRERE £,
Aminabhavi & HFE®EB R T C,-C, HIgmm" .
EMARKERARENEREY, BHARKE
BUAR A 3R 5 IR O L B — o Ty A
AR EERPRT BITY SRR
HEEREMRAENRENEK VR TR
7R B AE IS K, Y RUAT R B Fickian 7 AR Y2
ERAGFANELTRERASREARNHA L
YE R B T W B Fickian I BTN . R B K
HEW LR Schneider 1Y . BRKEZRHTE
FERBEHEBWTERAKBENYS, B 5 &l e 8E
BAEMB . Grabezyk™ W SR G HEMEE, @
HRERHAEFANERTITNELSCYENERT
T HARTE K _PEPIBREEFERMESR
Py AR BRI ERERBEN

EREBR R T BT R R T H B HER
AR, HMT R AR EEHRIBNE
REPUDPHMT BITHMBERLAS, AR
XK ZLAY B BT A E e B8
BERAMMILEH .

EEMNAY LR TRERLE T 4 (HTPB)
WAERT /R Z B RY (HTBS) U R 5 ¥
ERET -H/RSELEY(UTBN) AKEBMNEER
Rt R RS  ERUREERT 5/
AR A RBENEER (AR THEREAR,
HTBN-PUHH MR E R E RN NEEERET &
HEBEHWRERES —fSU L B XTFITHES
MAEMARA L, X TRBERMT 8 B
AR E A RAOERERIARTE.C
BN BERZEM 1,2 RS AHERAET
WREMTHT BTN, HEGTI TEMHT
RERNE MR .

1 LWEHS

1.1 E#H
MBERT BN EL B Y (HTBN) , M,
=2900, £, =18, BB EEN16.9% , H <Mk
FT A wl PR RAREE  fEFAAE 70CT K
TR R2LAGHO4Am 3 TRHEZR -GN

*2003-01-09 W R ,2003-04- 16 R . EF AABEEETAMWME (HE S 299760115 : =~ HHIKEA



14 =2 e

2004 4

ERMEEH. P E R REEE(80/20 TDI), # 14
3 4F 9% .1,4- 7 _BE(BDO), BRI T
B et FATMACESRALE . REE
ASEPTHERM, B 379 K/666.6 Pa i85 . —
AR = T &4 (DBTDL) # [ & Bk W (THF ) 19 2
SHARNE, AEA—FLE. X 28 . AB.
BMZEN 12 f 2Bk Ag, &
GGIEEY e 3y

1.2 REESHEEBROE&

EEREUHEES BEIN SEE. ST
MEOEE A BRI R T, FER AN
TEAZRK.RSEEHRM HIBN K 50% BB L
RIS HEMALCE " AER-TER(BEAD
f0.029% ), 5 B FEEHTE 75 ~ 80°C, 3 NCO &
BREFARLES . EEZE 40CLUT, MAEEK
M ALK 30% B S BME M, AR5 NCO:OH =
1.05:1(EE/R i, 604% HTBN PR EIIMA 1,4-
T_E(BDO), HREHH, SR, AMNLRE &
R SR En B R B LB, S
BEESERPTEBEMNER 120, ABET0CH
12751 F . BEHBEERAKTRE, #1588
ARTH A GETHRER R, BE L4100 pm.
AABESNERERNIT%.

1.3 BERTFEEE

BRATSRRRAGERAEE" TREE
meE AR ASERPHMARREE, FMEE
(35+0.5) CHERAS THT BEERBET
B1HAR AT  AREMATE5~6Pa
UFE.fTFEEARRE 1 d 2HR)KRIT,
BA—E B AR ERN, L B AR 050,02 mm
MMEGERAZEHROKEF AR,
MATBEREEESHERNXR, YAEBRED
P FE | h AAEA LT, B AT A ki 2R P
8 , 7 BR R B B MR . W e R R L
b U REA RS .

FEANMIERST M/M 3 EETS R
METHESREDOBREETEHE, P M A
M REE HARNBRUAHFENOERES
PHEBERN Y M LR R EERGE.

EERHTBER(D)RFXRARET Fick's
BHESANEHT HAR, 5780 Fick's I
#e L HRELT AR

Ml 4 Dt 12
M, = W(T) (1)

He I EMNEE. VFREBR(D)TH M/M 3
MEEFBHEZMAREBR HEAYY #OVE
Fick’s 9" # 8 (S By 80 IR S R RV I BRSS9
BEEZBFARAULAXHBT HAR(D).

< : 3

Vacum_} ] To air

Fig. 1 Scheme of sorption cell used in sorption study
1) Quanz spring and membrane; 2) Flask for solvent; 3) and
4) U-pressure meter; 5) Heater room
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Fig. 2 DSC thermogram of HTBN based PU
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Fig. 3 Percentage mass uptaking of ethanol ( M,) versus
square root of time at different pressure p/p*

p :solvent vapor pressure, p*: saturated vapor pressure
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Fig. 4  Percentage mass uptaking of acetone ( M,) versus

square rool of time at different pressure p/p*
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Fig. 5 Percentage mass uplaking of cthyl acetate{ M,) versus

square root of time at different pressure p/p*
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Fig. 7 Percentage mass uptaking of benzene ( M,) versus

square root of lime at different pressure p/p*
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Fig. 6 Percentage mass uptaking of 1,2-dichloroethane( M, )
versus square root of time at different pressure p/p*
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Table 1 Diffusion data and values of n and 4 for HTBN-PU

Solvent plp n E{x10%) Mo S(MPa™')  D(x107)(w'fs}  P{x10")(m’/s-MPa)
Benzene 0.46 0.52 3.64 0.13 10.5 7.20 75.6
0.66 0.61 1.88 0.25 19.5 8.54 166.5
0.77 0.68 1.25 0.33 26.0 9.23 234.0
Etharol 0.52 0.55 0.69 0.04 5.2 0.68 3.6
0.67 0.64 0.37 0.07 7.6 0.72 5.5
0.87 0.84 0.12 0.14 11.7 1.72 20.2
Acetone 0.39 0.56 1.22 0.05 2.9 1.54 4.5
0.51 0.61 1.16 0.09 3.8 2.41 9.0
0.65 0.64 1.1 0.14 4.5 3.39 15.4
Ethyl acetate 0.37 0.66 0.79 0.04 5.8 3.12 5.9
0.4 0.67 0.78 0.06 6.6 3.20 19.7
0.63 0.75 0.73 0.11 8.5 7.24 61.5
1,2-Dichloroethane 0.54 0.61 2.00 0.17 18.7 6.05 113.2
0.64 0.78 0.84 0.24 22.8 8.39 191.3
0.72 0.88 0.47 0.33 27.7 .80 243.5

* pfp*: Solvent vapor pressure/saturated vapor pressure; n and k: Parameters calculated from Eq. (3); M, : sorbed concentration at equilibrium

saturation; §: Solubility; D¥: Diffusion coefficient; P : Permeability

HHHEBRESH B AR 2R (3,) BHES
B(s)MERDE(5,), TUABFHERERIEG
EOBRT N, ALEHERNNT R REBAK
BHZARERESHMATE?2.

Table 2 Values of solubility parameters of solvents, the soft and the hard
segments of HTBN-PU ™

Material 3(1'" fem?) 84 B 8y
HTBN 19.1 17.4 5.9 4.1
TDI-BDO 25.3 16.6 13.4 13.5
Benzene 18.6 18.3 1.0 2.1
Ethy! acetate i8.4 15.2 5.3 9.2
Acetone 20.3 15.5 10.4 7.0
1,2-Dichioroethane 20 18,1 5.3 4.1
Ethanol 26 15.8 8.8 19.4

" 8: Solubility parameter; &,: Dispersive terms of solubility parameter;
&, : Polar terms of solubility parameter; &, : Hydrogen-bonding terms of

solubility parameter
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Table 3 FTIR results of carbonyl groups of HTBN-PU before and after
salvent uptaking

Wavenumber of Wavenumber of  Fraction of

Samples free €—=0  bonded €—0  H-bonded
goup (em™'}  goup {em ™'} carbonyl group
No-solvent 1731.8 1704 .8 87.9
Benzene 1731.8 17048 86.1
Ethanol 1731.8 1706.7 88.9
1,2-Dichloroethane 1731.8 1708.7 .2
Ethyl acetate 173%.5 1706.7 -
Acetone 1729.9 1708.7 -
a
b
<
d
€
F
t |
3600 3200

Wavenumber (cm™)
Fig. 11 FTIR spectre in the sange of 3200 ~ 3400 em”! for
HTBN-PU before and after solvent uptaking
a) Ethyl acetate ; b) 1,2-Dichloroethane; ) Benzene: d)

Ethanol; e) Acetene; {) No-salvent

v

1 1
1750 1650
Wavenumber (cm'l)

Fig. 12 FTIR spectra in the range of 1650 ~ 1750
em™ "' for HTBN-PU before and after solvent uptaking
a) Ethyl acetate; b) 1. 2-Dichloroethane: ¢}
Benzenes; d) Ethanol; e) Acetone: ) No-solvent
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Table 4 The mechanical of propetties of the PU film before and afier
solvent uptsking

Samples Stress{ MPa) Elongation at break( % )
Non-selvent 10.2 150
Benzere 6.6 280
1,2-Dichloroethane 3.4 180
Ethyl acetate 3.2 160
Ethanol 3.0 240
Acetone 2.0 280

MAEHEEWMAELEN 1,228/ k. X5
BATEMPHEE EEMRETLUSEELA
ERES, WM HIBN-PU S B ARS RS
BRRAHK.FEENEMNHEBFEAZIBAN
Ew =ZARY THREERE I 2EEERE
KARTREANFE&REBRT LS EREE
AERBERNAR. LHRETVHREERED,BR
i3 THEBARDEHRERR KGR, &1
BEFREEAUSEREAEARBNER. M
BELETRASEEEARRERNENR
50U EERERNTIFAE, XELRE
BEASMATEMS RAFBENHEER
WS ) i 0 BT AR 4 3R X 1 L A BT O R

ETHRARTROFHRREENTEN L2 ‘o FHEER0OERER.
Sl ERAE 4NREATUER, EAMHH
REFERENCES

Aminabhavi T M, Khinnaver R S. Polymer, 1993,34(5) : 1006 ~ 1018
Aithal U S, Aminabhavi T M.J Membr Sci,1990,50:225 ~ 247
Aithal U S, Aminabhavi T M. Polym Preprints, (989,30(1):17 ~ 19

L=2 - - TS - Y Y

Desai 5, Thakore M, Devi 5. Polym Int,1998,47:172 - 178

10 Landro L D, Pegorarc M, Bordogna L.J Membr Sei,1991,64:729 - 239

Aithal U S, Aminabhavi T M.J Appl Polym Sci, 1991,42: 2837 ~ 2844

Aithal U S, Aminabhavi T M, Balundgi R H, Shukla S 5.J Macromol Sci Rev Macromol Chem Phys, 1990, C3G(1}:43 ~ 105
Liao D €,Chem Y C, Han J L, Hsiesh K H.J Polym Sci B:Polym Phys, 1997,35:1747 ~ 1755

Enneking {., Heintz A, Lichtenthaler R N_J Membr Sci, 1996, 115:161 ~ 170

Schneider N $, Mlinger J L.Cleaves M A. Polym Eng Sei, 1986.26(22) : 1547 ~ 1531

11 Gmabezyk A W,Smigasiewicz S, Muszynski J. Polym Budl, 1998,40:591 ~ 598

12 Ponang R,Pintauro P N.) Membr Sci,1998,144:25 - 35

11 Gou M M,Koros W I,Goldman G W.J Appl Polym Sei, 1991,43,1991 ~ 1998
14 Yang Yurun{B 5 #),Chen Yonglin{ Bk A #) . Wang Dening( £ 3T ), Hu Chunpu{ 5 & M) . Acta Polym Sin( & 5 F41R),2002,(6) : 795 ~

800

15  LiJun{ %), Xu Zhenling(F I B ), Lin Honglai( X3 ) . Chinese ] Chem Eng, 1997 ,48{5):517 ~ 521

16  Frisch H L, Poly Eng Sci,1980,20(1):2 ~ 13
17 Fox T G.Bull Am Phys Soc,1956,1:123 ~ 135

18 Cuve L, Pascault | P, Boiteux G, Seytre G Polymer,1991,32(2) :343 ~ 352

19 Chiou J S, Paul D R. Polyra Eng Soi,1968.26: 1218 ~ 1225
20 Small P A.J Appl Chem,1953,3:71 - 83



14 TS AR T HER KK HERBY ) 21

21 Hansen C M.J Paint Tech, 1967,33( 104) : 505 ~ 510
Mulder M. Basic Principles of Membrane Technology . 2™ edition. Dordrecht , the Netherlands : Kluwer Academic Publishers, 1996. 151 ~ 160

Lue Ning( ¥ T° ) , Wang Dening{ £ T ), Ying Shengkang{ i £ 5 ) . Polym Bull (& 4> F3&E 8 ),1998,(3):37~ 42

n
23 Srchatrapimuk W W, Cooper S L.] Macromol Sci Phys, 1978, B15{2) :267 ~ 3i1
24
25 Huang SL,Lai J Y.} Membr Sci, 1996,115:1 ~ 10

SORPTION AND DIFFUSION OF ORGANIC SOLVENTS IN
POLY(BUTADIENE/ACRYLONITRILE) BASED POYLURETHANE

YANG Yurun', HUANG Yongmin®’, CHEN Yonglin', WANG Dening', HU Chunpu', LIU Honglai®
(' Iustitute of Material Science and Fngincering, * Depaniment of Chemistry, Fast China University of Science and Technology . Shanghai  200237)

Abstract  The interactions of benzene, 1, 2-dichloroethane, acetone, ethanol and ethyl acetate with hydroxyl
terminated poly ( butadiene/acrylonitrile) based polyurethane ( HTBN-PU) and their transports in HTBN-PU were
studied by quartz spring method, DSC and FTIR measurements. The non-fickian behavior was found for diffusion of
all five solvents in HTBN-PU . Higher solvent vapor pressure led 1o more obvious non-fickian diffusion.In addition,
higher degree of non-fickian diffusion was found for diffusion of 1,2-dichloroethane and ethyl acetate in HTBN-PU,
which could be mainly attributed to their polar terms and hydrogen-bonding terms of solubility parameters being
closer to those of the soft matrix. The benzene and 1,2-dichloroethane had higher solubilities in HTBN-PU than the
other three solvents, which could be mainly related to their dispersive terms of solubility parameters being closer to
that of the soft matrix . The Flory-Huggins type sorption was found for all the five solvents in HTBN-PU . FTIR results
showed that the degree of hydrogen bonding .between the urethane groups decreased after slovent uptaking. The
strength of HTBN-PU after solvent uptaking was mainly determined by the interaction of solvent molecules with the
urethane groups. Acetone, ethanol and ethyl acetate could form hydrogen bonds with the urethane groups and
therefore results in serious structure destruction and lower strength of HTBN-PU, while the non-polar benzene only
slightly influenced its strength.

Key words  Poly(butadiene/acrylonitrile) base polyurethane, Solvents, Transports, Phase separation



